ABSTRACT. Salmonella Enteritidis is the most common cause of salmonellosis in humans in South Korea. It has been recognized that the principal source of human infection with S. Enteritidis is chickens and their products such as meat and eggs. A total of 173 S. Enteritidis isolates from humans (65 isolates) and chickens or their products (108 isolates) were analyzed by antibiotic susceptibility assay, phage typing, and pulsed-field gel electrophoresis (PFGE). Drug resistance was found to streptomycin (32.3%), ampicillin (30.6%), nalidixic acid (30.1%), ticarcillin (30.1%), and tetracycline (28.3%). More than 70% of the isolates were found to be resistant to one or more antibiotics tested. The most frequent patterns of resistant isolates were resistance to nalidixic acid only (28.3%) and resistance to two antibiotics (four combinations; 20.2%). The most predominant phage type (PT) was PT1 (27.2%) followed by PT21 (20.8%) and PT4 (8.7%) in chicken and human isolates. Nineteen different PFGE patterns were found among the 173 isolates, and A1 was the most common PFGE pattern, followed by A6 (17.3%). Most S. Enteritis isolates (except two isolates with patterns B and C) showed similar PFGE patterns that differed by only a few bands. These results show that 2 or 3 subtypes of S. Enteritidis are shared to a large extent by humans and chickens. This implies the possibility of the spread of chicken S. Enteritidis to humans.
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Pulsed-field gel electrophoresis (PFGE) has been shown to be highly effective for epidemiological studies of some serotypes of Salmonella [7, 13, 19] . A number of researchers have suggested that PFGE could be the most discriminatory genotyping method to provide a reproducible subdivision of S. Enteritidis strains [14, 23, 29] . Despite several disadvantages, including labor-intensiveness and a 3-to 5-day processing period, PFGE is often recognized as a gold standard for genotyping of Salmonella.
Phage typing as well has been used to trace the source of S. Enteritidis infection and is the most common method for subtyping S. Enteritidis, although many isolates cannot be determined by phage typing [8] .
Since the official survey of Salmonella contamination in chickens, chicken meat, eggs and environmental samples was undertaken in 1993 in Korea, a dramatic increase of S. Enteritidis infection was recognized from 1995, and phage type 4 was the most common type in S. Enteritidis [28] . Among human salmonellosis, the predominant outbreaks due to S. Enteritidis occurred from 1996 to 2005 [15] ; however, it was not clear whether infection of humans with S. Enteritidis was related to outbreaks of S. Enteritidis in chickens. Then, the phenotypes and genotypes of S. Enteritidis should be compared with a large number of human and chicken isolates.
It has been suggested that phage typing reveals a clonal diffusion of a limited number of strains throughout Europe and the U.S.A. [14] . Previous studies suggest that a limited number of S. Enteritidis clonal lines produce disease within the human population [11, 12, 26] , but there is not enough information to support these observations because of the limited number of S. Enteritidis isolates tested between humans and chickens. In Korea, genotyping, phage typing, and antimicrobial resistance patterns of S. Enteritidis isolates from chickens or humans have been investigated, but the number of S. Enteritidis isolates analyzed was small [20, [28] [29] [30] . Comparative analysis of chicken and human S. Enteritidis isolates from the same geographical area using the same methodology would improve our knowledge of epidemiological relationships. Therefore, the aim of the present study was to determine the relatedness of the isolates by comparing antibiotic resistance patterns, phage type, and genetic diversity among S. Enteritidis isolates from humans and chickens, meat and eggs.
MATERIALS AND METHODS

Salmonella Enteritidis isolates:
A total of 173 strains of Salmonella Enteritidis were isolated from chickens and humans in South Korea. One hundred and eight S. Enteritidis isolates were from chickens (fecal samples from broilers and layers, samples from meat of slaughtered chickens and retail eggs, collected from 2003 to 2006), and 64 isolates were from fecal samples of humans presenting diarrhea (from 2000 to 2006). Standard strain ATCC 4931(isolated from human gastroenteritis) was also included in the study. Most isolates from chickens were isolated from all areas of Korea while all isolates from humans were isolated from Seoul. The isolates were identified biochemically (Vitek system, bioMerieux, Marcy l'Etoile, France), and strains were serotyped by slide and tube agglutination with Salmonella O and H group antisera, respectively (Difco, Detroit, MI, U.S.A.). All isolates were grown in Luria Bertani (LB) agar and stored at -70C until used.
Antimicrobial susceptibility test: Antimicrobial profiles of the isolates were determined by the disk agar diffusion method using Mueller-Hinton agar (Difco) after incubation at 37C for 24 hr, according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI) [5] . Phage typing: A total of 173 S. Enteritidis isolates were phage-typed with 15 bacteriophage at the National Institute of Health (NIH, Seoul, South Korea). Phage typing was performed and results determined as described by Callow [3] and Anderson et al. [1] . Non-typable isolates were described as "RDNC", reaction dose not confirmed.
Pulsed field gel electrophoresis (PFGE): PFGE was performed as described previously [19] . Analysis of the fragment patterns was performed by Bionumerics software (version 5.0, Applied Maths, Inc., Austin, TX). Similarity analysis was performed using the Dice correlation coefficient and clustering was created by using the unweighted pair group method with arithmetic averages (UPGMA).
RESULTS
Antimicrobial resistance of S. Enteritidis isolates from humans and chickens samples was determined. Among the tested isolates, 50 (28.9%) (34 from chickens, 16 from humans) were susceptible to a total of 13 antimicrobial agents. On the other hand, all the isolates were resistant to ampicillin, tetracycline, nalidixic acid, ticarcillin, streptomycin, cephalothin, and trimethoprim/sulfamethoxazole, but susceptible to kanamycin, neomycin, amikacin, amoxicillin/clavulanic acid, sulbactam, and cetriaxone ( Table 1) . The proportion of resistance to ampicillin, tetracycline, nalidixic acid, ticarcillin and streptomycin was different among isolates from chickens and humans (p<0.05). The resistance rate to nalidixic acid was higher in chicken isolates (37.0%, 40 out of 108 isolates) than those from humans (18.5%, 12 out of 65 isolates). Table 2 summarizes the multiple-resistance patterns of the S. Enteritidis isolates. Resistance to a single antibiotic, nalidixic acid, was the most prevalent pattern (46 isolates), followed by multiple resistance to 2 antibiotics. The proportion of multiple resistance to 2 or 3 antibiotics was similar among isolates from humans and chickens. However, the proportion of multiple resistance to 4 antibiotics was somewhat higher in human isolates (26.2%) compared to those from chickens (6.5%). Multiple resistance to 5 antibiotics was shown only in 3 chicken isolates.
The phage type (PT) distribution of 173 S. Enteritidis iso- lates is shown in Table 3 . The most common PT was PT1, which was found in 47 (27.2%) isolates (28 from chickens and 19 from humans) followed by PT21 in 20 chicken and 16 human isolates, and PT4 in 11 human isolates. PT7 and PT35 were found in 6 isolates from chickens, while PT3, PT6, and PT6a were found as single isolates. Forty-six (26.6%) isolates (30 from chickens and 16 from humans) could not be determined because of a high incidence of RNDC strains. For further discrimination of the isolates with the same PT, a total of 173 S. Enteritidis isolates including 1 the strain ATCC4931 strain were analyzed by PFGE after digestion with XbaI (Fig. 1) . Nineteen distinct PFGE patterns were observed among the isolates, and these were categorized into three major clusters, A, B, and C (Fig. 1) . The genetic relatedness of the isolates ranged from 75% to 100%. Type A was divided further into 17 subtypes, designated A1 to Types B and C were found only in single isolates from humans. Six PFGE types (A1, A2, A3, A6, A8, and A13) were present in chicken and human isolates, only one (A1) of these types being very common to both chicken and human isolates. Types A6 and A2 were more common to chicken isolates whereas Types A13 was more common to human isolates. Five types (A5, A7, A10, A12 and A14) were present only in chicken isolates and 8 types (A4, A9, A11, A15, A16, A17, B1, and C1) were present only in human isolates. Interestingly, other than A1, the PFGE types found in chicken isolates were not correlated with those found in human isolates.
DISCUSSION
Infection of humans with S. Enteritidis has been increasing worldwide since 1980 and has been shown to be related mainly to the consumption of chicken products such as eggs and meat [27] . To our knowledge, the first research publication of S. Enteritidis outbreaks in animals was released in 2000 in Korea, but most S. Enteritidis isolates were from 1993 to 1999 [29] . Since then, the results of several studies of phenotype, phage type and genotype of S. Enteritidis have been reported, but with a limited number of isolates [20, 30] . The present study is the first to compare the antibiotic resistance patterns, phage types and genotypes of a large number of recent S. Enteritidis isolates from humans and poultry in Korea.
An inevitable outcome of the widespread use of antibiotics has been the emergence and dissemination of resistant bacteria among not only pathogenic bacteria but also the commensal flora of humans and animals. The occurrence of resistant bacteria in humans resulted from ingestion of resistant bacteria that contaminated food animals and transfer of antibiotic resistance genes between unrelated bacteria such as Bacteroides, Salmonella and Escherichia coli [27] . Increased multiple antibiotic resistance has been reported in S. Enteritidis isolates from various countries, including Korea [4, 14] . Previous studies in Korea showed strikingly different antibiotic resistance patterns among S. Enteritidis isolates. For example, in a study by Yang et al. [30] , 13 of 14 S. Enteritidis isolates obtained from chickens between 1995 and 1999 were resistant only to sulfisoxazole and, among them, just 3 isolates showed multi-drug resistance patterns, to combinations of ampicillin, streptomycin, tetracycline or sulfisoxazole. Suh and Song [20] reported that 22 isolates collected from 2001 to 2002 were all susceptible to sulfisoxazole and only 3 isolates showed multiple-resistance patterns. In addition, 20 of the 22 isolates were sensitive to ampicillin. Both studies could not provide representative information of antibiotic resistance patterns because the number of tested S. Enteritidis isolates was very small. Results of antibiotic sensitivity tests of isolates from over 27,000 human salmonellosis cases in 2000 in 10 European countries indicated that S. Enteritidis isolates were mostly resistance to nalidixic acid, streptomycin and ampicillin in that order [25] . The results of that large European study are in agreement with our results, which indicated that 52, 53 and 56 of 173 S. Enteritidis isolates were resistant to nalidixic acid, streptomycin and ampicillin, respectively (Table  1) .
Phage typing is a useful method for phenotyping and tracing the infection source of S. Enteritidis epidemiologically. The present study showed that PT1 is consistently the most common PT in both human and chicken isolates, followed by PT21 and PT4. In Korea, PT4 was the most common PT (52.2%) in S. Enteritidis isolates from animals and humans from 1993 to 2000, and PT7 or PT7a was next (20.8%) [26] . PT4 is also known to be the most common PT in Japan and Taiwan [22, 26] . However, PT1 comprised only 4.1% of tested S. Enteritidis isolates from 1993 to 2000 in Korea [29] . Other results indicated that PT1 was predominant in S. Enteritidis isolates from poultry from 1995 to 1999, although the number of isolates examined was limited [30] . In a very recent study, the predominant PTs were PT1 and PT21 in both human and chicken isolates from Seoul and suburban areas between 1994 and 2005, followed by PT4 [9] . We could not compare directly the isolates in both studies, but the predominant PTs of the isolates from humans and chickens almost coincided in both studies. Changing of PTs of S. Enteritidis isolates has been mentioned in previous studies. A change in PT distribution in S. Enteritidis infections among European travelers in southern Europe was observed since 2001, and a previously rare phage type, PT14b, became one of the most prevalent PTs in England and Sweden [27] . A shift of the predominant phage type in S. Enteritidis has occurred in Korea for a long period of time.
In the present study, we also found that S. Enteritidis isolates with different PTs display the same PFGE patterns (Fig. 1) , consistent with the findings of Kim et al. [9] . This result confirmed the close genetic relatedness of S. Enteritidis among different PTs, and this could be explained by phage type conversion as mentioned previously. Phagetype conversion is mediated by different mechanisms such as by loss or acquisition of an incN plasmid [24] , by mutation of the gene encoding lipopolysaccharide [2] , and by expression of temperate phages [18] .
In the present study, human isolates represent mainly clinical isolates, whereas the chicken isolates have been derived from healthy chickens and their environment. The high number of S. Enteritidis isolates with type A1 from chicken and human sources may support the hypothesis that the consumption of chickens is the primary risk factor for human infection with S. Enteritidis. However, there are some differences in the genotypes of isolates from humans and chickens. One possible explanation for these differences could be that allopatric human and chicken populations were targeted for the respective isolates, as mentioned previously [19] .
In conclusion, antibiotic resistance, phage type and genotype were compared among chicken and human isolates, and the prevalent isolates in both humans and chickens were identified. It would be interesting to investigate the virulence characteristics of these clones and to generate mutant variants for a vaccine candidate.
